Techniques have been described for the purification of mouse polymorphonuclear leukocytes (PMN) and macrophages and for determining their bactericidal activity against Pseudomonas aeruginosa in a rotating suspension. Requirements for human anti-Pseudomonas opsonins and heat-labile mouse serum factors have been determined. In the macrophage system, although heat-labile mouse serum factors had enhancing properties, both immunoglobulin G (IgG) and immunoglobulin M (IgM) opsonins alone sufficed to induce bactericidal activity. In contrast, both opsonins and heat-labile mouse serum factors were required for bactericidal activity by the mouse PMN. In the absence of heat-labile mouse serum factors, IgG and IgM opsonins contributed to the bactericidal activity of mouse macrophages to the same extent. However, in the presence of these factors, much less IgG than IgM antibody was required to achieve maximum bactericidal activity by these cells. Similarly, IgG opsonins were found to be more efficient than IgM opsonins in enhancing the killing of P. aeruginosa by mouse PMN.
Rabbit immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies to Pseudomonas aeruginosa have been shown to differ in biological acitivities in vitro and in vivo. Although increased effectiveness of IgM antibody over IgG, on a molar basis, was demonstrated in vitro, IgG antibody was shown to be superior to IgM in mouse protective activity (1) . This paradox remained unexplained in our previous publication. As both humoral and cellular factors are essential to the resistance to microbial infection, it seemed important to characterize the bactericidal capacity of mouse macrophages and polymorphonuclear leukocytes (PMN) and to measure the contribution of anti-Pseudomonas IgG and IgM opsonins and normal mouse serum factors to the cellular bactericidal process. It was also hoped that a more accurate definition of the function and capacities of the humoral and cellular factors might suggest an explanation of the differences in efficiency of protection between IgG and IgM.
The ability of mouse peritoneal macrophages to phagocytize and kill a variety of intracellular and extracellular microorganisms has been studied in great detail (3) (4) (5) 13) . Most of these investigations have been concerned with cellular immunity in the resistance to infection, and qualitative comparisons have been made between the bactericidal activities of normal and "immune" macrophages (13) . Most investigations have employed techniques in which macrophages attached to glass or grown in tissue culture have been utilized. Until recently, little was known about the capacity of mouse macrophages to kill intracellularly compared with that of other phagocytic cells. Quantitative studies, in which mouse macrophages kept in suspension by a rotating magnet were used, suggested that P. aeruginosa is killed efficiently by these cells and that the killing mechanism is dependent upon an intact respiratory chain (14) . PMN from a variety of species have been shown to be capable of phagocytosis and intracellular killing of microorganisms. But the bactericidal activity of the mouse PMN has not been investigated, primarily because no bactericidal assay has been developed that utilizes the mouse PMN Cell viability, white blood cell counts, and differentials. Cells were counted in a hemacytometer, and it was found that 95% or more excluded trypan blue dye. Differential counts were performed by using wet-mount preparations consisting of one drop of cell suspension and one drop of Weiler's crystal violet in 0.1 M citric acid.
Bactericidal assay. Bacteria were grown in 10 ml of Brain Heart Infusion Broth at 37 C overnight. The bacteria were washed once in Hanks solution and resuspended in the original volume. A 0.1-ml amount of an appropriate culture dilution, 0.2 ml of immunoglobulin preparation, 0.2 ml of normal mouse serum, and 0.5 ml of leukocyte suspension were added to a polypropylene tube (12 X 75 mm, no. 2005; Falcon Plastics). Hanks solution was substituted for the immunoglobulin preparation and leukocyte suspension in the controls. A ratio of 25 to 35 macrophages or PMN per bacterium was maintained in all experiments. (Lower ratios between the phagocytes and bacteria did not result in an efficient killing of bacteria.) The tubes were tumbled end over end (9 rev/ min) on a Multipurpose rotator (model 15OV; Scientific Industries, Inc., Springfield, Mass.) at 37 C for 3 hr. Shorter periods of incubation (30 min to 2 hr) were explored, but maximal bactericidal effect was achieved only after incubation for 3 hr. The samples were removed, diluted in distilled water to disrupt the leukocytes, and plated on Brain Heart Infusion Agar. Plates were incubated at 37 C overnight, and the colonies were counted. Samples taken from control tubes at the beginning and end of the incubation showed that no growth of bacteria occurred in the test tubes during the incubation period. (Table 3 ). These 0.24 results suggested that heat-labile serum factors were required for PMN bactericidal activity. Therefore, fresh mouse serum was substituted for the heat-inactivated mouse serum in the bac-0.21 tericidal assays. The results showed that the mouse PMN will function only in the presence of 1.35 both opsonins and heat-labile mouse serum factors. Subsequently, IgG and IgM opsonins were compared for contribution to the bactericidal activity of the mouse PMN against P. aeruginosa (Table 4) . Based on equivalent agglutinating titers 0.04 of the antibodies, IgG opsonins were found to be 10,000 times more efficient than IgM opsonins in -0.02 promoting the bactericidal activity of the mouse PMN. (17) .
RESULTS

Bactericidal
The mechanisms by which mouse PMN and macrophages kill bacteria intracellularly probably differ. One investigator suggested recently that the killing mechanism of the mouse peritoneal macrophage is dependent on an intact respiratory chain (14) . The bactericidal mechanism of the PMN seems to be dependent on the presence of a peroxidase (11) . Although results presented in this report do not clarify which phagocytic cell type is more important in providing protection against P. aeruginosa infections, they do suggest that both cell types are involved. Our results do not clarify the possible multiple role of antibodies and heat-labile factors in phagocytosis and in intracellular killing. Our experiments were designed to measure only the final effect, that of microbial elimination.
